The purpose of this systematic review was to evaluate the evidence that the injection of carbohydrate-based solutions into embryonated eggs improves broiler performance. A literature search was conducted in April 2017 using the keywords broiler, carbohydrate, in ovo, nutrition and poultry. Only papers that involved in ovo carbohydrate injections in poultry were used in this study. After specific selection criteria, 17 papers were selected. The quality scoring system of the selected studies was based on the injection methodology, use of control groups, type of solution injected, period of injection, egg and hens characteristics, number of variables analysed and the statistical design. Among papers, there was no standardised procedure in to inoculate the solutions. Nevertheless, in general, in ovo feeding of carbohydrates decreases the hatch rate, improves the hatch weight, but it does not seem to influence the post-hatch performance of broilers. The inoculation of 75 mg of glucose in the albumen seems to bring better results. Further studies are needed to improve the technical methodology of in ovo injections for commercial use.
The number of studies returned in each database with the use of different keywords combined with "in ovo" is shown in Table 1 . Figure 1 shows a flowchart of the selection of the papers, and the characteristics of the selected studies are shown in Table 2 .
| Quality criteria
The method for defining the quality of the studies was based on other systematic reviews (Ferreira et al., 2013; Pereira, Oliveira, Mesquita, Costa, & Pereira, 2011; Silva et al., 2012) . For each criterion, a punctuation system by scores was established, with score 2 assigned when the criterion was classified as adequate or clear and score 1 when it was inadequate or was not clearly described in the text. All criteria were defined based on the authors' experience. The following criteria were evaluated:
1.
Sample size: studies that used 100 or more eggs per experimental group received two points and those that used <100 eggs received one point.
2.
Randomisation: studies that clearly showed randomisation received two points. Non-randomised studies or those in which randomisation was unclear received one point. (non-injected eggs) : studies that had non-injected eggs (intact eggs) as a control group received two points and those that did not have a treatment without any manipulation or those in which it was unclear received one point.
Control group

Control group (placebo inoculation)
: studies that evaluated a placebo solution in eggs received two points and those that did not mention a placebo solution received one point.
Association of carbohydrates:
studies that compared different types of carbohydrates received two points and those that used more than one type of carbohydrate in the same treatment or evaluated only one type of carbohydrate received one point.
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. Dosage used: studies that used different doses of carbohydrate received two points and those that tested only one dose received one point.
7.
Solution quantity: studies that used different volumes of diluent solution received two points and those that tested only one volume received one point.
Dilution vehicle:
studies that reported the dilution vehicle received two points and those that did not received one point.
9.
Nutrient injection site: studies that reported the nutrient injection site received two points and those that did not received one point.
T A B L E 1 Number of studies returned in different databases after the combination of different keywords with the keyword "in ovo"
10.
Application age: studies that reported the age of inoculation received two points and those that did not received one point.
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. Post-hatch performance evaluation: studies that evaluated the posthatch performance received two points and those that only evaluated the embryonic phase received one point.
12.
Hatchability: studies that evaluated the hatchability of eggs received two points and those that did not received one point.
13.
Hen ages: studies that reported the age of the hens received two points and those that did not received one point.
14.
Egg weight: studies that compared different egg weights received two points and those that used only one egg weight that did not report this or in which the egg weight was unclear received one point.
15.
Strains: studies that reported the strains used received two points and those that did not report the strains or those in which this information was unclear received one point.
The maximum score that an article may have received was 30 points and the minimum was 15 points.
| Articles evaluation
After conducting the research, selection of papers and quality classification, the articles were evaluated according to the main results as hatch rate, hatch weight and post-hatch performance (final weight, weight gain, feed intake and feed conversion) as shown in Table 4 .
Each variable was considered as not significant (p > .05) or with difference in at least one of the treatments inoculated with carbohydrates (positive or negative effects) when compared to the control groups (intact eggs or placebo groups).
| RESULTS
| General characteristics of the selected studies
Following the criteria described in the present systematic review, no paper received the highest score (Table 3) . Six articles reached 27 points. Pedroso et al. (2006) , Campos et al. (2011 ), Salmanzadeh (2012 and Salmanzadeh, Ebrahimnezhad, Shahryar, and Beheshti (2012) were penalised because they did not compare different types of carbohydrates, used only one volume of diluent solution and tested only one egg weight. Leitão, Leandro, Stringhini, Café, and Andrade (2010) were penalised because they did not describe a control group with placebo inoculation, used only one volume of diluent solution and tested only one egg weight. Leitão et al. (2008) exp2 used fewer than 100 eggs per treatment in their study, and only one type of carbohydrate and only one volume of diluent solution were evaluated. The lowest score was 23 points (Jia, Wei, Yu, Wang, & Yu, 2011; Tako et al., 2004) .
Isolated carbohydrates were evaluated in 14 studies, of which four tested different types of carbohydrates (Leitão et al., 2010; Zhai, Bennett, Gerard, Pulikanti, & Peebles, 2011; Zhai, Rowe, & Peebles, 2011) . In those studies, it was possible to compare the specific effect of each carbohydrate inoculated in ovo.
The main carbohydrate tested was glucose (83% of experiments).
In 12 studies, glucose was inoculated in isolation (Table 2) , while in others, it was associated with other carbohydrates. Isolated maltose was tested in six studies. Sucrose, dextrose and fructose were always evaluated in association with other saccharides.
The amount of carbohydrate inoculated in eggs varied between studies. Ipek, Sahan, and Yilmaz (2004) I G U R E 1 Flowchart of the paper search process using the keywords "broiler," "carbohydrate," "nutrition" and "poultry" combined in pairs with the keyword "in ovo"
Excluded: literature reviews, book chapters, summaries, studies with other species, studies that inoculated other nutrients such as lipids, amino acids, vitamins and minerals, or that used carbohydrates associated with these other nutrients, and studies that used the inoculation of carbohydrates as a prebiotic additive. that inoculated <100 mg of carbohydrate, 80% (Campos et al., 2011; Ipek et al., 2004; Leitão et al., 2010; Zhang et al., 2016) observed no differences in the hatch weight. From studies in which the authors inoculated more than 100 mg per egg, there was a higher hatch weight in 50% of the studies (Jia et al., 2011; Shafey et al., 2012; Tako et al., 2004 ).
There was not a wide variation in the quantity of the inoculated solution between the studies. In most studies (83%), 0.4-0.6 ml was tested. Only observed higher hatch weights when saline solution was used as the placebo compared to the intact eggs. In those studies, lower hatch weights, or no significant differences, were observed when carbohydrates were compared with the placebo solution.
Fifty per cent of studies inoculated the solution in the amniotic fluid, 22% in the albumen, 17% in the allantois, 6% in the yolk sac and 6% in the air cell. Among the studies that inoculated in the amniotic fluid, 78% found no significant differences in hatch weight when compared to the placebo group. In 22% of these studies, there were higher hatch weights. In studies that inoculated in albumen and that used deionised water for diluting, 100% observed higher hatch weights when compared to both intact eggs and the placebo groups, but all studies showed lower hatchabilities.
The embryo age at the time of carbohydrate inoculation varied between 7 and 18.5 days. Seventy-two per cent of evaluated studies performed the injection after 15 days of egg incubation. Among them, 62% found no significant differences in the hatch weight. In 80% of studies that performed inoculation before 15 days of egg incubation, there were higher hatch weights (Salmanzadeh, 2012; Salmanzadeh, Ebrahimnejad, Shahryar, Gorbani, & Oskuei, 2011; Salmanzadeh, Ebrahimnejad, Shahryar, Ashrafi, et al., 2011; Salmanzadeh et al., 2012 ).
| Performance of broilers: Carbohydrate inoculation vs. placebo group
In 33% of the evaluated studies (Pedroso et al., 2006; Leitão et al., 2008 exp 1; Jia et al., 2011; Zhai, Rowe, et al. 2011) , at least one of the treatments containing carbohydrates resulted in some negative effect on the hatchability (Table 4 ). However, the hatch weight was increased in 47% of studies.
Regarding the post-hatch performance, the use of carbohydrates improved weight gain in only one study , and the final weight in three studies (Salmanzadeh, 2012; Salmanzadeh, Ebrahimnejad, Shahryar, Ashrafi, et al., 2011; Tako et al., 2004) , when compared to the placebo group. Feed intake increased in only one (6%) study (Salmanzadeh, 2012) and feed conversion in three (17%) studies (Campos et al., 2011; Salmanzadeh, 2012; Salmanzadeh et al., 2012) .
Glucose reduced the hatchability in 30% of the studies (Pedroso of the studies (Jia et al., 2011; ) and increased the weight at hatch in 40% of the studies (Jia et al., 2011; Shafey et al., 2012) . Leitão et al. (2010) and compared glucose and maltose and observed no significant differences in the hatchability between these two carbohydrates. However, observed that maltose resulted in a higher weight at hatch when compared to glucose.
Regarding the post-hatch performance, glucose improved the final weight (Salmanzadeh, 2012; Salmanzadeh, Ebrahimnejad, Shahryar, Ashrafi, et al., 2011) and feed conversion (Salmanzadeh, 2012; Salmanzadeh et al., 2012) of broilers in two of five studies that reported these analyses, while the feed intake increased in one study (Salmanzadeh, 2012) . Regarding maltose, only one study (Santos et al., 2010 ) evaluated the post-hatch performance. No effect was found on the weight gain, final weight, feed intake or feed conversion.
| Carbohydrate inoculation vs. non-injected group (intact eggs)
When compared to the control group with no injection of any substance, inoculation of carbohydrates reduced the hatchability in 63% of studies. In 57%, there was an increase in hatch weight of the birds.
From 10 studies that evaluated the post-hatch performance, carbohydrates improved the weight gain in two studies (Campos et al., 2011; Salmanzadeh et al., 2012) , the final weight in two studies (Salmanzadeh, 2012; Salmanzadeh, Ebrahimnejad, Shahryar, Ashrafi, et al., 2011) , the feed intake in one study (Salmanzadeh, 2012) and the feed conversion in three studies (Campos et al., 2011; Salmanzadeh, 2012; Salmanzadeh et al., 2012) .
Glucose alone reduced the hatchability in 70% of 10 studies when compared to the non-injected group. On the other hand, glucose increased the weight at hatch in 64% of 11 studies (Pedroso et al., 2006; Salmanzadeh, 2012; Salmanzadeh, Ebrahimnejad, Shahryar, Ashrafi, et al., 2011; Salmanzadeh, Ebrahimnejad, Shahryar, Gorbani, et al., 2011; Salmanzadeh et al., 2012) . Maltose reduced the hatchability in two studies Zhai, Rowe, et al. 2011 ) and increased the weight at hatch in three studies (Leitão et al., 2010; Shafey et al., 2012; ). When carbohydrate inoculation was compared to the placebo groups, a reduction in hatchability was observed in 33% of studies (Pedroso et al., 2006; Leitão et al., 2008 exp 1; Jia et al., 2011; . In 20% of studies (Leitão et al., 2008 exp 2; Salmanzadeh, Ebrahimnejad, Shahryar, Gorbani, et al., 2011; Salmanzadeh et al., 2012) , there was an increase in hatchability when carbohydrates were inoculated, compared to the placebo group.
| DISCUSSION
Maltose appears to bring better results for weight at hatch when compared to glucose, however, the glucose seems to be the best carbohydrate for post-hatch performance (Campos et al., 2011; Salmanzadeh, 2012; Salmanzadeh et al., 2012) .
No relationships were observed between the hatchability and the type of carbohydrate inoculated, the amount of carbohydrate, application age, hen age and strain of birds. However, egg weight may also have influenced the results. Leitão et al. (2010) affirmed that it is possible that embryos from heavier eggs respond better to the in ovo feeding technique. This could be observed in this systematic review.
Seventy-five per cent of the studies using heavier eggs (more than 57 g) observed higher weights at hatch, while only 43% of the studies using lighter eggs (<67 g) obtained this result. Santos et al. (2010) observed that maltose may have saved the use of energy contained in the yolk, but this result may be dependent on egg size, as heavier eggs provided better relative yolk weights.
The site of inoculation may also have influenced the results. All studies that inoculated substances in the albumen showed lower hatchability when compared to the intact eggs. According to Salmanzadeh (2012) , injecting into albumen can cause hypersensitivity reactions, impairing embryo respiration. Comparing inoculation of solutions into the allantoic cavity directly and through the air cell, Leitão et al. (2010) observed a reduction of 84% in hatchability when the solution was injected directly into the allantoic cavity. When the injection was through the air cell, the reduction in hatchability was 7.5%. Ohta and Kidd (2001) also affirmed that the effect of nutrient administration in ovo on hatchability may be related to injection site. In their study, when compared to the non-intact eggs group, the inoculation of amino acids in the chorioallantoic membrane and amniotic cavity decreased the hatchability. However, this reduction did not occur when inoculating into the yolk sac or extra-embryonic cavity. However, in all experimental groups, hatch rate was reduced when compared to the control group with intact eggs.
The volume of inoculated solution can also influence the hatchability. (Campos et al., 2011) and (Zhai, Rowe, et al. 2011 Another factor that may influence hatchability is the osmolarity of the inoculated solution. According to Ferket, Oliveira, Ghane, and Uni (2005) , carbohydrate-based solutions should be maintained between 400 and 600 mOsm. However, only five studies evaluated by the present systematic review presented this information. From those five studies, three (Campos et al., 2011; Pedroso et al., 2006; ) tested solutions with osmolarities above those recommended by Ferket et al. (2005) , reaching 3,486 mOsm. Pedroso et al.
(2006), whose evaluated solutions contained 100, 200 and 300 mg glucose diluted in 500 μl of saline solution (0.9% NaCl), with osmolarities ranging from 1,264 mOsm to 3,486 mOsm, observed that embryonic mortality was at least three times larger with the use of these solutions compared to the placebo group. However, , who inoculated maltose, sucrose and dextrin diluted in 1200 μl of 0.85% NaCl, in osmolarities ranging from 566 to 1,364 mOsm, did not observe differences in hatchability. Those authors affirmed that embryos were resistant to different osmolarities. This is different from Campos et al. (2011) and Jia et al. (2011) , who claimed that high concentrations of carbohydrates in solution can increase the osmotic pressure, increasing embryonic mortality. The differences found between studies can be related to the egg size, genetic line of the birds and concentration of other nutrients in the egg. The relationship between these different characteristics and the osmolarity of inoculated solutions has been minimally explored in the literature.
The use of carbohydrates can improve the hatch weight in 41% of evaluated studies, when compared to the placebo group. Leitão et al. (2010) suggested that these nutrients provide additional energy for embryo development. Uni, Ferket, Tako, and Kedar (2005) affirmed that carbohydrates save the use of amino acids for gluconeogenesis, directing them for protein synthesis especially in muscle. This would explain the advanced post-hatching development of birds subjected to in ovo inoculation of carbohydrates in some studies (Salmanzadeh, 2012; Salmanzadeh, Ebrahimnejad, Shahryar, Ashrafi, et al., 2011; Salmanzadeh et al., 2012; Tako et al., 2004) . Moreover, there is also evidence that the supply of carbohydrates in ovo results in a higher presence of these nutrients in the intestinal lumen, improving the villus development, the activity of border brush enzymes and, consequently, the post-hatch intestinal absorptive capacity (Tako et al., 2004) .
However, there is evidence that increases in weight at hatch are not always related to an improvement in intestinal development. In the study by Zhai, Rowe, et al. (2011) , the inoculation of fructose, sucrose and dextrin resulted in higher weights at hatch when compared to the placebo control group, but this increase was related to the higher weight of the yolk sac. According to these authors, nutrients could be transferred from the amniotic fluid to the yolk sac. Previously, Santos et al. (2010) , who also inoculated carbohydrate solutions into the amniotic fluid, had affirmed that the increase in yolk sac weight is due to the lower need of the embryo to use the yolk content, as the exogenous carbohydrates can be used as an extra energy source instead. On the other hand, the volume and osmolarity of the inoculated solution can be related to the increase in yolk. Zhai, Rowe, et al. (2011) observed that an increase in volume of inoculated solution increased the volume of residual yolk. According to those authors, this increase may have been the result of higher moisture in the yolk, causing a reduction in the nutrient transfer rate from the yolk sac to the embryo.
Thus, more studies are necessary to understand the mechanisms that regulate the use of the yolk sac by the embryo and post-hatch birds.
In general, the effects of in ovo carbohydrate feeding on post-hatch broiler performance were further understood by the present systematic review, although the number of studies was not great, especially considering the large number of factors that influenced the results.
Only four studies (Salmanzadeh, 2012; Salmanzadeh, Ebrahimnejad, Shahryar, Ashrafi, et al., 2011; Salmanzadeh et al., 2012; Santos et al., 2010 ) that evaluated broiler performance until 42 days of age were returned in the literature searches. In three of these studies (Salmanzadeh, 2012; Salmanzadeh, Ebrahimnejad, Shahryar, Ashrafi, et al., 2011; Salmanzadeh et al., 2012) , the authors concluded that in ovo inoculation of carbohydrates can improve broiler performance at 42 days of age. However, the full benefit of the in ovo feeding technique on broiler performance is still unclear.
| CONCLUSION
In ovo feeding with carbohydrates improves the hatch weight, but it does not seem to influence the post-hatch performance of broilers.
The inoculation of 75 mg of glucose in the albumen seems to bring better results. The reductions in hatchability probably occurred due to the technique itself. Therefore, further studies should be conducted in order to establish an optimal solution and to refine the technique, such as the application site, solution volume and osmolality of the solution, considering others factors like egg size and hen age.
